At present, the problems of homogenization and low quality in China's iron and steel industry are particularly prominent and the ability of the enterprises to cope with change is insu cient. Adopting product di erentiation strategy and dynamic adjustment strategy can allow steel enterprises and the industry to better adapt to future changes. By introducing the product di erentiation degree (substitution coe cient) and the bounded rationality strategy to simulate these two strategic means, this paper constructs an extended two-stage dynamic game model to analyse the dynamic game scenarios and steel market stability in China. As new ndings, we report the following: (1) e system is more likely to fall into an unbalanced state when multiple enterprises adopt the policy of dynamic output adjustment simultaneously. (2) Enterprises with large output and small output have di erent output adjustment policies. When enterprises with big-scale output adopt a bit larger adjustment policies, enterprises with small output will be strongly impacted, and the available adjustment space will be sharply compressed. (3) e gradual increase in the di erence between products reduces the stability of the market. (4) When product di erentiation and bounded rationality strategies coexist, the steel market may fall into an unbalanced state when the degree of product di erence increases excessively and the enterprise adopts more drastic output adjustment policies. erefore, there are pros and cons to product di erentiation strategy and bounded rationality adjustment strategy. When each steel oligopoly enterprise formulates a production plan, it needs to comprehensively consider the output changes of the other enterprises and carefully weigh the strategic issues.
Introduction
e steel industry is an important basic industry for the national economy. For a long time, it has provided important raw material guarantees for national construction which have strongly supported the development of related industries.
Although China has become the world's largest producer of steel products, the shortcomings of China's steel industry are obvious: the problems of homogenization and low quality are still grim. Steel enterprises lack the ability to adjust to problems such as overcapacity and sluggish returns. In the future, the relationship between supply and demand in the steel market will be more comprehensive. erefore, "stand still" or complacent and conservative behaviours will seriously a ect the survival and development of steel enterprises. Hence, how to adopt product di erentiation strategy and dynamic adjustment strategy to make steel enterprises and industries more adaptive to future changes and related new research will become a di culty faced by the steel industry and a focus for additional research.
At present, emission reduction policies such as carbon trading and carbon taxation mechanisms have not been fully implemented, and their impact on the production level and economic pro t of enterprises and the steel industry is still unclear. However, it is clear that the emission reduction targets will be more and more restrictive in the energy conservation and emission reduction tasks for steel enterprise. Facing the future steel industry's more diversi ed and more complex market competition environment, the industry's development should start from the perspectives of energy conservation and emission reduction, product structure, and corporate decision-making simultaneously. Based on the ideas above, this paper will focus on the complex changes to various steel oligopoly enterprises under different economic conditions and the emission reduction policy, and then, it will analyse the dynamic production adjustment game situation and the stability of the steel market.
Literature Review
2.1. Product Differentiation eory and Application. Shaw was the first scholar to conduct product differentiation research, he [1] believed that product differentiation should be used to better meet human needs, and not for increased competition. Chamberlin [2] discussed that the scale of an enterprise is related to the degree of product differentiation. Due to product differentiation, small and medium-sized enterprises (SMEs) have gained a living space and may have monopoly power. Although the existence of this monopoly power leads to efficiency loss, product differences meet the diverse needs of customers. Porter [3] believed that product differentiation results from the physical characteristics of the product and other market mix factors.
Product differentiation models are widely used in industrial economics and other disciplines. e basic theoretical models are the Bowley model [4] , the Shubik and Levitan model [5] , and the Hotelling model [6] . Early product differentiation research was mostly derived and extended from these theoretical models. Since the middle and late twentieth century, due to the continuous development of game theory, product differentiation has gradually become a hot research topic in industrial economics. In related research, product differentiation theory is usually studied together with other theoretical combinations as a comparison with homogeneous products. Table 1 shows the literature combining product differentiation theory with other theories.
In the industry sector especially in China, the application of product differentiation theory is very extensive. Table 2 shows the literature related to industry application.
Bounded Rationality and Application.
Bounded rationality is a rationality between certain rationality and incomplete rationality. Simon [32] believed that what people are looking for in their actual decision process is not a "maximum" or "optimal" standard, but a "satisfactory" standard. Due to its closeness to reality, bounded rationality has gradually attracted more scholars' attention and application, and various bounded rational models have been created. At the same time, scholars have combined the theory of bounded rationality with product differentiation theory, repeated game, evolutionary game, nonlinear theory, chaos theory, chaos control, delay strategy, etc. in comparison with complete rationality. Table 3 shows the literature combining bounded rationality with other theories. Table 4 shows the literature related to industry application.
Summary of Literature
Review. From the literature review, it can be seen that product differentiation and bounded rational expectation strategies have been widely applied to the study of complex market economy changes and equilibrium stability domains. However, the literature is mostly based on theoretical research and is rarely applied to production problems. Numerical analysis is mostly based on random values, and there is still a definite gap between present work and manufacturers' real situations. For steel industry, there are little theoretical literatures on product differentiation and bounded rationality, and most papers consist of narratives and policy descriptions. T 1: e literature and summary information combining product differentiation theory with other theories.
Researcher
Main theory Shaked and Sutton [7] Product differentiation + three-stage game model Chang [8] Product differentiation + collusion Goldberg [9] Product differentiation + oligopoly competition Zhang et al. [10] Product differentiation + two-stage stochastic programming model Zhao and Du [11] Product differentiation + heterogeneous expectations Meng et al. [12] Product differentiation + horizontally competitive + carbon tax Li and Chen [13] , Raza and Govindaluri [14] Product differentiation + supply chain Ivanova and Ushchev [15] Product differentiation + CES model Wang et al. [16] Product differentiation + endogenous product substitutability theory Zhou et al. [17] Product differentiation + bifurcation, intermittent chaos, and multi-stability Askar and Al-Khedhairi [18] Product differentiation + nonlinear duopoly games T 2: e literature and summary information about product differentiation theory in industry application.
Industrial sector
Qualitative or quantitative analysis
Li et al. [19] Textile and garment industry Qualitative
Ma [20] Textile and garment industry Quantitative
Bronnmann and
Hoffmann [21] Drink market Quantitative
Yang [22] Tourism industry Quantitative Fu et al. [23] Transportation industry Quantitative Lv [24] Transportation industry Quantitative Gebauer et al. [25] Manufacturing industry Quantitative Zeng and Liu [26] Fast food industry Quantitative Altug [27] Semiconductor industry Quantitative Chen [28] Digital content rental market Quantitative
Ma [29] Steel industry Qualitative Feng [30] Steel industry Qualitative Li [31] Steel industry Qualitative
In developing countries like China, there are significant regional differences and regional economic development imbalances. us, some areas' parameters and data, including those of the steel industry, need to be supplemented. And with the merger and reorganization, the remaining steel enterprises inevitably have to compete in production and price. is high-dimensional, large-scale steel market cannot be simulated with random value figures. On this basis, there is basically no relevant research on how the steel market changes a er introducing product differentiation theory and bounded rational expectation and implementing different emission reduction policies.
In summary, the product differentiation strategy and the production or price adjustment strategy are important means for the steel industry to enhance its competitive advantage. Steel enterprises and industries should immediately pay attention to these two strategic means. is paper organizes energy, environment, and economic data from the six main steel-producing areas in China. By introducing the degree of product differentiation (substitution coefficient) and bounded rationality strategy, a two-stage dynamic game model is constructed. en, this paper analyses the influence of product differentiation degree and production adjustment coefficient on the dynamic game of steel enterprises' output. It also studies the unbalanced conditions, in order to provide reasonable policy recommendations for the transformation and upgrading of China's steel market and the maintenance of market stability. erefore, the remainder of this paper is organized as follows: Section 3 establishes a dynamic output selection model based on bounded rationality and introduces the differentiated product policy scenario and data sources. In Section 4, based on accounting data and statistical analysis, we present and discuss our results in detail. Section 5 provides conclusions and policy recommendations for China's steel industry. Figure 1 , according to the traditional Chinese geographical division method and reference to Duan et al. [66] , China is divided into six regions. For data reasons, Tibet, Hong Kong, Macau, and Taiwan are not included. In this paper, regions are presented by subscripts: 1 represents North China, 2 represents Northeast China, and so on. e main research focus of this paper encompasses the government and the above six regions. e regional steel industry data are regarded as presenting a steel enterprise entity. Since this paper only introduces the theory of product differentiation and bounded rationality based on the basic model, the basic model structure and main hypothesis do not change.
Methods

Notations and Explanations. As shown in
Similar to Duan et al. [66] , the government emission reduction policy is a double game problem. Firstly, there is a Researcher Industrial sector
Ji [53] Electricity industry and electricity market Ding et al. [54] Electricity system Sun and Ma [55] Steel industry and steel market Tan and Liang [56] Coal industry and coal market Tu [57] Power and renewable resources industry Dang and Hong [58] Glass substrates industry Li et al. [59] Tourism industry Yu [60] Transportation industry Zhang [61] Carbon trade market Zhao [62] Carbon trade market Sang et al. [63] Shipbuilding industry Di et al. [64, 65] Transportation planning Discrete Dynamics in Nature and Society 4 and, decomposition game between the government and regional enterprises: the government stipulates the emission reduction target for a certain period, a er which the regional enterprises should determine their respective reduction ranges according to their own cost curves. Secondly, there is a game of product output between the six regions, and the di erent targets for each regional enterprise will a ect their respective output levels and market competitiveness. is paper adopts the inverse method in solving the twostage game problem. On the basis of Duan et al. [66] , this paper introduces some new parameters such as product differentiation degree and expands the notations and explanations, which are shown in Table 5 .
Game Analysis of Production Decision Model under Product Di erentiation Conditions.
e main body of this paper includes the government (steel industry) and the steel companies in the six regions. A er merger and reorganization, each of the six regions has a single large-scale steel production enterprise. e steel production level of each enterprise represents the level of steel production in the region. e technical level indicators, such as CO 2 emission intensity of each enterprise, represent the technology level in that region. In one cycle, the sales volume of the product is equal to the production volume; that is, a production and sales balance is reached. e six regional oligopoly enterprises produce a product at the same time, and the products produced by each enterprise are substitutable but have certain di erences. e coefcient of (the substitution coe cient) indicates the degree of substitution of enterprise 's product for enterprise 's product. e process takes the output as the decision variable and achieves the balance of production and sales in one cycle. In this paper, the set reduction scenario is: carbon tax as the only emission reduction policy, at a certain time point in the future where the CO 2 emission intensity will decrease by from CO 2 emission intensity in 2010.
In the second stage of the game, the basic form of the pro t function of each enterprise according to the Bowley model is as follows: e production cost of steel industry in region e cost of base period emission reduction in region e total carbon tax e unit value of carbon tax Social welfare function Consumer surplus Producer surplus ( ) Total macro external environment loss of CO 2 emission e external loss parameter of CO 2 e pro t function of steel industry in region e total CO 2 emissions in steel industry e extent to which products produced by can replace those produced by e adjustment coe cient, rate of output adjustment 5 Discrete Dynamics in Nature and Society the enterprise will increase (decrease) the output of the next period. e output of enterprise in period + 1 is:
where > 0, and indicates the output adjustment coe cient, the speed of production adjustment. For six enterprises, there are:
A er a limited number of repeated games, the steel market stabilizes, and the output of steel oligopoly enterprises in various regions reaches a balance. When ( + 1) = ( ), there are:
Among the 64 analytical solutions obtained, there is a Nash equilibrium point * 1 , 2 , 3 , 4 , 5 , 6 (this paper considers only the nonnegative equilibrium solutions as having economic signi cance). However, the production adjustment coe cient a ects the stability of the steel market and increases the complexity of the system. erefore, it is necessary to study the local stability of the Nash equilibrium point.
For the stability of the six-dimensional linear discrete system ( + 1) = ( ) , it can be judged by the eigenvalue of its Jacobian matrix. e Jacobian matrix is, among this, 13  14  15  16   21  22  23  24  25  26   31  32  33  34  35  36   41  42  43  44  45  46   51  52  53  54  55  56   61  62  63  64  65  66 , Let / = 0 and / = 0, the corresponding reduction range of emission intensity and output of steel enterprises in each region can be obtained.
Under the carbon tax value , the total carbon tax revenue is = ∑
. e external macroscopic loss caused by CO 2 emissions to the environment is
In the rst stage, the regional enterprises obtain the pro t function by selecting the decline in emission intensity and production output, as a response to the government's corresponding emission reduction policy and emission reduction target . e government's decision can be expressed as:
Local Stability Analysis of Dynamic Decision Model
Based on Bounded Rationality. In the actual steel market, the game between enterprises is going on constantly. It is necessary to establish a dynamic game model based on bounded rationality. In the proposed approach, we will improve and supplement the model according to the processing method of reference [34, 39, 40, [42] [43] [44] [45] [46] [47] and then analyse the dynamic system. In the second stage of the game, the respective pro t function is derived, and the marginal pro t of the enterprise in period is: e product takes production as the decision variable. When the marginal pro t of the base period is positive (negative),
> 0, > 0, ≥ 0, = 1, 2, 3, 4, 5, 6.
Since the decision-making ability of each oligarch is different, is also di erent, which has a very important impact on the outcome of the game. erefore, a er obtaining the local stability domain, it is necessary to analyse the complex dynamic characteristics of the system. It is usually described using the system's output bifurcation diagram and the Lyapunov exponent. erefore, in the results and discussion section, we will discuss the results in two parts: (1) analysis of the factors a ecting the stability of the stability domain ( and ) and (2) description and analysis of the dynamic characteristics of the system (bifurcation diagram and Lyapunov exponent).
Data Sources.
e statistics in this paper are from the China Statistical Yearbook [68] , China Industrial Statistical Yearbook [69] , China Energy Statistical Yearbook [70], China Steel Yearbook [71] , and the statistical yearbooks of the various provinces. Relevant economic data are equivalent to comparable prices in 2010. e time span is from 2005 to 2016.
In addition, CO 2 emissions in industrial production (IPPU CO 2 ), which also produce large amount of CO 2 , are included in this paper. erefore, CO 2 emission accounting, emission intensity, and descent amplitude are based on energy consumption + IPPU CO 2 emissions.
Due to data availability, the steel industry's relevant energy consumption and economic data are derived from the ferrous metal smelting and calendering processing industry in the Statistical Yearbook. e CO 2 accounting of fossil energy consumption and IPPU refer to IPCC 2006 [72] and Duan et al. [73] . [74] , the market demand for steel industry is expressed by the apparent consumption, and the product price is obtained by dividing the industrial output value by the output. In the selection of the curve form, the inverse demand curve can be approximated as a straight line inclined to the lower right. e inverse demand curve tting equation is as follows: e characteristic equation of the Jacobian matrix equilibrium point is:
Results and Discussion
Next, let Edelstein [67] pointed out that according to the Jury stability criterion, the necessary and su cient condition for stability of the equilibrium point is that all zeros of the characteristic equation fall within the unit circle on the complex plane, at which time: en, in the space 1 , 2 , 3 , 4 , 5 , 6 , the initial value of arbitrary output passes the nite-order game and nally reaches the Nash equilibrium state. At that time, the Nash equilibrium point is locally stable. e result is the equilibrium output of steel companies in the presence of product di erentiation. Once the parameter adjustment of an enterprise exceeds the stable region, the stable state of the Nash equilibrium will be destroyed, and the system may be bifurcated and even evolve into a chaotic state, which means that the market will fall into disorderly competition and unbalanced production.
When the market is in a stable state, and in period can be expressed in , and also, period + 1 can be expressed in . Values such as and can be obtained by the reverse order solution. From the expressions of the output and the decline in CO 2 emission intensity, the results in the market steady state are the same as the single static game. Based on the results of balanced production, the six regional enterprises are clearly divided into two groups. North China, East China, and South Central China have always occupied the top three places in the six regions; the outputs of the other three regions are lower. In order to explore the impact of production adjustment speed on system stability, this section examines the two cases below: (1) the changes in production adjustment speed and market stability in North China, East China, and South Central China under the conditions of constant production adjustment rates in Northeast, Southwest, and Northwest China; and (2) the changes in production adjustment speed and market stability in Northeast, Southwest, and Northwest China under the conditions of constant production adjustment in North China, East China, and South Central China. In 2010, the average level of CO 2 emissions in China's steel industry was 3.1710 ton CO 2 /ton steel (the same below, omitted). According to the collection and calculation, the average level of CO 2 emission in 2015 was 2.8210. Correspondingly, the CO 2 emission levels of the six regions in 2015 were 1 [76] , and Lee et al. [77] (the data are updated to 2016, and the function form is slightly changed). e relationship between the reduction of emission intensity in each region and the marginal abatement cost of CO 2 is shown in Table 6 . It should be pointed out that due to the estimation of shadow price, the error and uncertainty of the CO 2 marginal abatement cost curve are increased. is leads to a certain gap between the calculated abatement cost and the real abatement cost. In order to reduce the error, this paper uses + ∫ 0 ( ) to represent the actual emission reduction cost, with = 0.5, in order to reduce the error.
In setting the CO 2 emission intensity reduction target, this paper refers to Steel Industry Adjustment and Upgrade Plan (2016-2020). e target of 2020 is about 85% of the energy consumption level in 2010. erefore, this paper sets the CO 2 emission intensity of the steel industry in period to be 15% lower than that in 2010. In terms of the value of production costs, this paper assumes that in the period , the production costs in North China, East China, and South Central China will decrease signi cantly, and the production costs in Northeast China, Southwest China, and Northwest China will decrease somewhat less. e external macro-environmental loss parameters of CO 2 emissions refer to the study of Guenno and Tiezzi [78] , = 14.55 yuan/ton CO 2 . e speci c data simulation parameter settings are shown in Table 6 .
In order to facilitate calculation and discussion, when the product has di erentiation, the substitution coe cients of the products between enterprises are the same; that is, = .
e values of are 0.95, 0.90, 0.85, 0.80, 0.75, respectively, and the other parameters are consistent with the production of the same product. Discrete Dynamics in Nature and Society 8 are 0 at the same time, that is, these three regions do not adopt any expected strategy, and the marginal pro t changes in period will not a ect the output change in period + 1. e stable market of the steel market composed of 2 , 5 , 6 is shown in Figure 4 . It can be seen from the gure that in order to maintain the stability, the range of adjustment coe cient 2 is [0,10.00], 5 is [0,7.50], 6 is [0,10.00], or even more. is shows that when North China, Northeast China, and Central South China do not adopt any production adjustment measures, the other three regions can have considerable decision-making power for production. When 1 , 3 , 4 simultaneously increase, the stability domain is shown in Figure 5 . is shows that when North China, Northeast China, and South Central China take a positive production adjustment coe cient at the same time, the stability of the entire market is gradually shrinking, which is similar to the conclusion of (1). However, unlike the (1) e Output Adjustment Rate in Northeast, Southwest, and Northwest China Remains Unchanged. When 2 , 5 , 6 are 0 at the same time, that is, these three regions do not adopt any expected strategy, and the marginal pro t changes in period will not a ect the output change in period + 1. e stable market of the steel market composed of 1 , 3 , 4 is shown in Figure  2 . It can be seen from the gure that in order to maintain the stability, the range of adjustment coe cient 1 is [0, 3.40], 3 is [0, 4.00], 4 is [0, 5.00], and the entire stable domain presents a hemispherical shape. When is negative, it means that the change in marginal pro t of the base period will cause the enterprise to make reverse production decisions in the next period. In the vast majority of cases, this does not meet the actual decisions of the enterprise. is section will focus on the analysis of ≥ 0.
Empirical
When 2 , 5 , 6 simultaneously increase from 1.00 to 5.00, the stability domain is shown in Figure 3 . is shows that when Northeast China, Southwest China, and Northwest China take a positive production adjustment coe cient at the same time, the stability of the entire market is gradually shrinking. However, when 2 , 5 , 6 are 5, 1 , 3 , 4 can still remain in the interval of [0,1.25], [0,1.45], and [0,1.80]. It indicates that when Northeast, Southwest, and Northwest regions adopt a very large positive production adjustment policy, the other three regions can still adopt a more liberal production strategy. at is to say, for enterprises with large output, the production adjustment policies of enterprises with small output cannot strongly in uence their production strategies, and they still have a lot of adjustment space and other strategies to choose from. Of course, if an enterprise with small production loses its rationality, or if it misjudges the market situation and adjusts its production strategy at will, regardless of the consequences, it may still cause market imbalance. Discrete Dynamics in Nature and Society 10 autonomy. However, when the enterprises with large output adopt a larger output adjustment policy, the enterprises with small output will be strongly impacted, and the adjustment space will be sharply compressed.
(3) Analysis of System Dynamic Characteristics. Since the equilibrium yield results of the six regions show a polarized distribution, the stable region also shows two di erent results. erefore, this section takes two representative enterprises in two groups, enterprise in North China (companies with large output) and in Southwest China (enterprises with smaller output). is section discusses production adjustment coe cient factors 1 and 5 and the impacts of changes in the stability of the system. e results are shown in the bifurcation diagrams and Lyapunov exponent below. previous conclusions, it can be clearly found that when 1 , 3 , 4 take a small positive value, Northeast China, Southwest China, and Northwest China still have relatively large independent decision-making power. But when 1 , 3 , 4 gradually increase, the market stability domain shrinks drastically. As 1 , 3 , 4 are 2, 2 , 5 , 6 only have a small range of values. Obviously, when 1 , 3 , 4 increase continuously, the market will easily lose balance. Once the market is in an unbalanced state and product output uctuates drastically, it will be di cult for steel oligarchy companies in all regions to obtain accurate information, make long-term plans, and obtain stable pro ts. at is to say, for enterprises with small output, when enterprises with large output adopt weak positive adjustment policies, they can still have relatively free production the maximum Lyapunov exponent starts to go positive, and the system appears chaotic. In the right graph of Figure 8 , when 2 ∼ 6 are 0.4 and 1 = 3.250, bifurcation of the system rst appears, and then, all companies bifurcate. When 1 > 4.560, the maximum Lyapunov exponent starts to go positive, and the system turns chaotic.
In the le graph of Figure 9 , when 1 , 2 , 3 , 4 , 6 are 0, the maximum Lyapunov exponent is no more than 0. In the right graph of Figure 9 , when 1 , 2 , 3 , 4 , 6 equal 1.5 and 5 ranges from 3.100 to 3.250, the maximum Lyapunov exponent began to appear positive and the bifurcation phenomenon occurs in each area. When 5 > 3.250, the maximum Lyapunov exponent is less than 0, and the system transitions change to double-cycle.
̸ = 1, the Market Stability Research under Product
Di erentiation Conditions. When the steel oligopoly e le graph of Figure 6 shows that when 2 ∼ 6 = 0, with the change of 1 (the abscissa values range from 0 to 5, the same below), the bifurcation diagram. It can be seen that when other areas do not take any adjustment measures, the system is stable when 1 is between 0 and 3.485. en, there is a small interval where 1 production is unstable. When 1 is gradually increased from about 3.500, the system transitions change from stable, to double-cycle, to chaos. However, at that time, only the output of North China is out of balance. e right graph in Figure 6 shows that when 2 ∼ 6 = 0.4, and 1 is from 0 to 3.230, the system is stable. en, there is a small interval where 1 production is unstable. When 1 gradually increased from 3.250, the system transitions change from stable, to double-cycle, to chaos. However, unlike the le graph, as 1 gradually increases, the output of other regions experiences an imbalance.
is shows that the system is more likely to fall into an unbalanced state when multiple enterprises adopt a policy of dynamic output adjustment at the same time rather than when a single enterprise adopts the measure of output adjustment. e le graph of Figure 7 shows that when 1 , 2 , 3 , 4 , 6 equal 0, and the change of 5 , the bifurcation diagram. It can be seen that the system is always in balance regardless of 5 . e right graph in Figure 7 shows that when 1 , 2 , 3 , 4 , 6 are at 1.5, and 5 ranges from 0 to about 3.100, the system is stable.
en, there is a small interval where all enterprises' production is unstable. When the 5 value is gradually increased from about 3.250, the system transitions change from stable, to doublecycle, to chaos.
From the results of Figures 6 and 7 , it can be seen that the enterprises with larger output have far more in uence on the system balance than the enterprises with smaller output and improper production adjustment by these larger producers will easily cause market imbalance. Figures 8 and 9 show the Lyapunov exponents for Figures 5 and 6. In the le graph of Figure 8 , when 2 ∼ 6 = 0 and 1 = 3.500, the system rst shows bifurcation. When 1 > 4.465, , and the unit is the ton. In order to facilitate calculation and discussion, when the product has di erentiation, the substitution coe cient of the products between enterprises is the same; that is, = . When = 15% and the substitution coe cient is 0.95, there are:
Similarly, this section examines two cases:
(1) e Output Adjustment Rate in Northeast, Southwest, and Northwest China Remains Unchanged. When the substitution coe cients are all 0.95, 2 , 5 , 6 are 0 at the same time; that is, these three regions do not adopt any expected strategy, and the marginal pro t changes in period will not a ect the (16) a ects the area of the market stability domain, but does not a ect the trend of stability domain changes caused by production adjustment. When the substitution coe cients are 0.90, 0.85, 0.80, 0.75 and 2 , 5 , 6 equal 4, the stability domain is shown in Figure 12 .
As can be seen from the gure, when gradually decreases, the market stability area will shrink gradually. Obviously, when decreases further, the market will easily lose balance.
(2) e Output Adjustment Rate in North China, East China, and South Central China Remains Unchanged. When the substitution coe cients are all 0.95, 1 , 3 , 4 are 0 at the same time; that is, these three regions do not adopt any expected output change in period + 1. e stable market of the steel market composed of 1 , 3 , 4 is shown in Figure 10 . It can be seen from the gure that in order to maintain the stability, the range of adjustment coe cient 1 is [0,3.35], 3 is [0,4.00], 4 is [0,4.90], and the entire stable domain presents a hemispherical shape. It can be seen that when the degree of product di erentiation is not obvious, the stability domain of the market is slightly smaller than that of the same product, but the change is little. When the substitution coe cients are all 0.95 and 2 , 5 , 6 simultaneously increase from 1 to 5, the stability domain is shown in Figure 11 . e conclusion is basically consistent with Figure 3 . It shows that product di erentiation (3) Analysis of System Dynamic Characteristics. Similarly, this paper also studies the dynamic characteristics of the system when = 0.95 and obtains the same conclusion when = 1. e le graph of Figure 16 shows that when 2 -6 = 0, with the change of 1 , the bifurcation diagram. It can be seen that when other areas do not take any adjustment measures, the system is stable when 1 is between 0 and 3.495. en, there is a small interval where 1 production is unstable. When 1 is gradually increased above 3.510, the system transitions change from stable, to double-cycle, to chaos. Only the output of North China is out of balance. e right graph in Figure 16 shows that when 2 -6 = 0.4, and 1 ranges from 0 to 3.200, the system is stable. en, there is a small interval where 1 production is unstable. When 1 is gradually increased from 3.270, the system transitions change from stable, to double-cycle, to chaos. As the 1 gradually increases, the output of other regions is also imbalanced. e le graph of Figure 17 shows that when 1 , 2 , 3 , 4 , 6 equal 0, the system is always in balance regardless of 5 . e right graph in Figure 17 shows that when 1 , 2 , 3 , 4 , 6 are 1.5, and when 5 ranges from 0 to 3.080, the system is stable. en, there is a small interval where all enterprises' production is unstable. When 5 gradually increases over about 3.270, the system transitions change from stable, to double-cycle, to chaos. Figures 18 and 19 are the Lyapunov exponents for 1 and 5 . In the le graph of Figure 18 , when 2 ∼ 6 = 0 and 1 = 3.510, bifurcation rst appears in the system. When 1 > 4.405, the maximum Lyapunov exponent starts to become positive, and the system turns chaotic. In the right graph of Figure 18 , when 2 ∼ 6 are 0.4 and 1 = 3.270, bifurcation appears in the system for the rst time, and then, all companies bifurcate as well. When 1 > 4.530, the maximum Lyapunov exponent begins to be positive, and the system goes chaotic.
In the le graph of Figure 19 , when 1 , 2 , 3 , 4 , 6 are 0, the maximum Lyapunov exponent is no more than 0. In the right graph of Figure 19 , when 1 , 2 , 3 , 4 , 6 take 1.5, and when 5 ranges from 3.080 to 3.270, the maximum Lyapunov strategy, and the marginal pro t changes in period will not a ect the output change in period + 1. e stable market of the steel market composed of 2 , 5 , 6 is shown in Figure 13 . It can be seen from the gure that in order to maintain the stability, the range of adjustment coe cient 2 is [0,10.00], 5 is [0,7.10], 6 is [0,10.00], or even more. is shows that when North China, Northeast China, and South Central China do not take any production adjustment measures, the other three regions can have considerable decision-making power for production. is is basically consistent with the conclusion in Figure 4 .
When the substitution coe cients are all 0.95 and 2 , 5 , 6 simultaneously increase, the stability domain is shown in Figure 14 . e conclusion is basically consistent with Figure 5 . It shows that product di erentiation a ects the area of the market stability domain, but does not a ect the trend of stability domain changes caused by production adjustment.
When the substitution coe cients are 0.90, 0.85, 0.80, 0.75 and 1 , 3 , 4 equal 1.5, the stability domain is shown in Figure 15 . As can be seen from the gure, when gradually decreases, the market stability area will shrink gradually. Obviously, when decreases further, the market will easily lose balance. is is the same as the conclusion of Figure 12 .
Combined with the above conclusions, it can be seen that the appropriate product di erentiation strategy can reduce the uctuation in output adjustment for a manufacturer by causing uctuations in the output adjustment of competitors. Also, this can cause the social welfare and other indicators to show an increasing trend. However, excessively increasing the degree of product di erentiation and large adjustment coecient will gradually shrink the market stability domain or even cause it to disappear leaving the steel market in an unbalanced state. erefore, product di erentiation strategies and decision-making based on bounded rationality have their own advantages and disadvantages which the steel enterprise and the industry department need to weigh carefully. formulates its production plan, it needs to comprehensively consider the changes in output of other enterprises. Steel enterprises with relatively small output should not adjust their production plans drastically. It is necessary for them to observe the changes of large steel enterprises and make decisions. Of course, the government also needs to pay attention to the small production enterprises' adjustments of at any time and needs to prevent them from losing their minds, arbitrarily adjusting and maliciously destroying the market competition order. For each steel enterprise, the appropriate product di erentiation strategy can reduce its output adjustment uctuation through the impact of the competitor's adjustments, and it can also increase economic indicators such as output and social welfare. But if one were to excessively increase the degree of product di erentiation and production adjustment factors, the steel market may enter an unbalanced state. erefore, product di erentiation strategies and bounded rationality adjustment strategies have advantages and disadvantages. e enterprises and the industry should carefully weigh these strategic issues.
Data Availability e statistics in this paper are from China Statistical Yearbook, China Industrial Statistical Yearbook, China Energy Statistical Yearbook, China Steel Yearbook, and the statistical yearbooks of various provinces. e time span is from 2005 to 2016. All data are publicly available on the website of the National Bureau of Statistics of China and the statistical o ce of every province. Also, these statistical yearbooks can also be purchased. erefore, these data are public. e relevant results of this paper are calculated on the basis of these public data, and these statistical data and books have been marked and quoted in the paper (references [68] [69] [70] [71] ). exponent began to be positive and the output imbalance phenomenon occurs in each area. When 5 > 3.270, the maximum Lyapunov exponent is less than 0, and the system transitions change to double-cycle.
Conclusions
Based on the carbon tax mechanism, this paper introduces the product di erentiation and bounded rational expectation strategy and establishes the production selection model of steel oligopoly enterprises under dynamic conditions. It also analyses the output dynamic adjustment of each steel oligopoly enterprise, market imbalance conditions, and system dynamic characteristics. e main conclusions are as follows:
Compared with the output adjustment of a single enterprise, the system is more likely to fall into an unbalanced state when multiple enterprises adopt the policy of dynamic output adjustment simultaneously. e in uence of large production enterprises on the system balance is much stronger than that of small production enterprises. When enterprises produce the same product, and when the enterprises with large output (North China, Northeast China, and Central South China) adopt a weak positive adjustment policy, enterprises with small output (Northeast, Southwest, and Northwest) can have more free production autonomy. However, when large-scale enterprises adopt a bit larger production adjustment policy, enterprises with small output will be strongly impacted, and the available adjustment space will be sharply compressed. Conversely, for enterprises with large-scale production, the production adjustment policies of small-scale companies do not strongly in uence their production strategies. ey still have a lot of space for adjustment and other strategies to choose from.
When product di erentiation and bounded rationality strategies coexist, market stability research will be more complicated. When the products produced by di erent enterprises have some di erences, the conclusion of the changing trend of the stable domain is basically consistent with that of the same products. But as the product substitution coe cient gradually decreases, that is, the di erence between products gradually increases, the market stability domain shows a trend of continuous reduction. On this basis, if the degree of product di erentiation is increased excessively, the steel market will be in an unbalanced state when an enterprise adopts a more severe production adjustment policy.
Based on the conclusions and related analysis of this paper, the following suggestions are made for the transformation and upgrading of China's steel industry: e production adjustment policy is an active change strategy adopted by various production enterprises in response to changes in the future situation. When each enterprise adjusts its output according to the marginal pro t of the previous period, in order to maintain the stability, each enterprise may have certain right of independent choice, but there are obvious regional di erences. If the production adjustment policies are implemented in North China, Northeast China, and South Central China, the market stability will be better than having the other three regions adopt output adjustment policies. erefore, when each steel oligopoly enterprise
